We study radiative corrections on Zbb vertex generated by the ETC gauge bosons, "diagonal" as well as sideways. Although the oblique corrections due to the ETC bosons are small in comparison with the oblique correction due to the technicolor dynamics, the non-oblique corrections result in substantial shift of contour plot in the S-T plane. We show that such a shift due to the non-oblique corrections is actually important for discussing S and T values in the technicolor models.
1) containing the top and the bottom quark and the technifermions U and D.
Two left-handed representations form an SU(2) L doublet and two right-handed representations are SU(2) L singlets. (We assume that the ETC gauge group commute with the weak interaction gauge group.) After the breaking of ETC gauge group down to the technicolor gauge group SU(N T C ), the massive sideways and "diagonal" gauge bosons are generated.
In this model the mass of top quark is equal to the mass of bottom quark, because of the common mass and coupling of the sideways and Ū U = D D . In the realistic model, however, the right-handed top quark and the right-handed bottom quark must be contained in the different representations of the ETC gauge group to realize the different sideways couplings. Therefore, the ETC gauge theory must be a chiral gauge theory. However, realistic representations of ETC gauge group are not known yet. Instead of considering explicit ETC model, we here simply assume different ETC couplings for top and bottom right-handed fundamental representations, while keeping the technicolor interaction vector-like. We also assume that Ū U = D D . This is a good toy model for the isospin breaking, although the ETC gauge symmetry is destroyed. More explicitly, we set the sideways coupling ξ t g t for the left-handed quarks, g t /ξ t for the right-handed top quark, and g t /ξ b for the right-handed bottom quark, where g t is given by
The scale M X is the mass of sideways and the relation Ū U ≃ 4πF 
The "diagonal" couplings are fixed through the relation to the sideways couplings. For technifermion, we obtain the "diagonal" coupling by multiplying the factor −
to their sideways couplings. For quark, we obtain it by multiplying the factor
to their sideways couplings. These factors come from the normalization and traceless property of the diagonal generator. The "diagonal" interaction is also chiral.
The sideways bosons yield potentially a large non-oblique correction to the Zbb vertex, which has been estimated by Chivukula et al. [8] . By using the approach of the effective Lagrangian, the correction to the left-handed and the right-handed couplings of the bottom quark are derived as [8] The "diagonal" boson "X" also yields the non-oblique correction through the mixing with Z boson [10] . The mixing is parametrized by three parameters x, y, and w as
where we set the "diagonal" mass equal to the sideways mass. Within the leading order of x, y, and w in the four-fermion amplitude, the non-oblique correction to the Zbb vertex is obtained as
We get x, y, and w by calculating one-loop diagrams of FIG. 2 with constant fermion mass. The results are
Because the diagonal generator is traceless, the kinetic mixing parameters y and w are naturally finite. The mass mixing parameter x should be naturally finite if we use the dynamical fermion mass having momentum dependence. To include the effect of dynamical mass, we set the momentum cutoff to the fermion mass in the individual loops, and get a finite x. The diagram corresponding to the correction of eq. (5) is shown in FIG. 1 .
The effect of technicolor dynamics (resonance effect) is not included in this one-loop calculation of x, y, and w. However, we expect that this ambiguity might give rise to only a factor difference. Actually, in the estimation of the oblique correction due to the technicolor dynamics, the S parameter estimated by the QCD scale up is just twice the one estimated by the one-loop calculation [2] . Pseudo-Nambu-Goldstone bosons might also generate nonoblique correction which is expected to be not as large as to affect our conclusion.
The ξ t dependence of the sideways contribution to the left-handed coupling is quadratic and strong. As for the "diagonal" contribution, it is approximately quadratic, but the dependence is very weak and the contribution is almost constant within the possible region of ξ t . Both contributions are positive and do not cancel each other. The "diagonal" contribution is 30% of the sideways contribution when ξ t = 1. We can approximately write the "diagonal" contribution as
which should be compared with eq.(3) of ξ t = 1.
Both sideways and "diagonal" bosons also contribute to the oblique correction, S, T and U. However, since the contribution is the two-loop effect, it is small in comparison with the contribution due to the technicolor dynamics. For example, the "diagonal" contribution to the S parameter is S = 0.022 for M X = 1 TeV, F π = 125 GeV, N T C = 4, ξ t = 1, m t = 150 GeV, and M H = 1 TeV, which is small in comparison with the contribution S > ∼ 0.4 due to the technicolor dynamics. Now, we observe that the non-oblique corrections eq. (3) and (5) change the values of S, T , and U which are extracted from the experiment. For example, the total Z width can be written as
where a and b are certain coefficients, Γ SM Z is the one-loop prediction of the standard model, and
Therefore, the allowed region in the S-T plane (S-T -U space) by Γ Z is shifted by δΓ Z = 0, and the resultant elliptical (ellipsoidal) region which is favored by the several selected experiments (including Γ Z ) is moved. The predictions for the R ratio on Z pole and forwardbackward asymmtery of b quark are also changed by the non-oblique corrections eq. (3) and (5) in the same way as Γ Z , which also results in the shift of resultant ellipse (ellipsoid).
The contours in the S-T plane is shown in FIG.3 . We set M X = 1 TeV,
The following experiments are considered; total Z width, R ratio on Z pole, forward-backward asymmetry of b and µ, polarization asymmetry of τ , deep inelastic neutrino scattering (g L and g R ), and atomic parity violation Q W ( 133 53 C S ) [11] .
As we take large value of ξ t , the center of the contour moves towards the large values of S and T . This means that effectively large oblique correction is partially canceled by the non-oblique correction. Both sideways and "diagonal" contributions to the right-handed This difficulty may disappears in the progress on the experiment.
In conclusion, we explicitly calculated the radiative correction generated by the extended technicolor gauge bosons in a toy model. The non-oblique contribution due to the sideways and "diagonal" bosons (which are singlets of weak interaction gauge group by assumption) cannot be negligible in comparison with the oblique correction due to the technicolor dynamics. The correction results in the shift of contour in S-T plane. When we extract the values S and T from the experiments, the non-oblique correction, which has as far been neglected, must be considered. Actually, as we have demonstrated in this paper, the effect of the non-oblique correction can partially cancel the large oblique correction. Thus we cannot exclude the technicolor theory solely through the discussions of the oblique correction. 
